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exists. In addition, the antenna-gain variation in the operating band- B
width is found to be less than 2 dBi. Therefore, the proposed design can
give a good solution to the problem of tradeoff between the impedance T
bandwidth and antenna-gain variation for the broadband microstrip an-
tenna with an embedded reactive loading.
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— Circular pipe
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Abstract—An efficient numerical method is proposed to analyze the far- ™ . o
field of electromagnetically coupled coaxial dipole (ECCD) element, and ¢ - ke o
then uniform physical theory of diffraction (PTD) together with the above ‘ FRRRRE T
method is applied to investigate the radiation pattern of a novel planar ()

ECCD array mounted over a finite metallic plate. Finally, as an applica-

tion to the above ECCD array, lower troposphere radar (LTR) is briefly ~ Fig. 1. (a) Geometry of the ECCD array antenna [1]. (b) Rotationally
introduced. The analysis procedure in this paper can also be expected for symmetrical electric and magnetic current on the perfectly finite cylindrical
optimum design in the systems involving the ECCD array antenna. pipe» of an ECCD element [1].

Index Terms—Electromagnetically coupled coaxial dipole (ECCD), phys-
ical theory of diffraction (PTD), radiation sidelobes. . . L .
[2] to the ECCD has a disadvantage of practical applications, that is,

one must deal with infinite integrals that involve cylindrical functions,
I. INTRODUCTION and numerical processing is relatively complicated. In addition, the so-

The electromagnetically coupled coaxial dipole (ECCD) originalllunor?S of the above method |_nvolves only ab_out one eleme_nt and alim-
ted linear—4 element array in free space with very electrically small

proposed in [L] and [2] is & new type of collinear antenna, it is CorT%dius and an approximate half-wavelength length for the circular pipe

posed of finite metallic circular pipe acting as radiation element fe radiating element. As for its validity for a large array. it has not been
electromagnetically by an annular ring slot on the outer conductor 3f' 2 9 ) aldity fora farg Y,
rtified so far. As aresult, practical applications to a large ECCD array

the feeding coaxial cable. Fig. 1(a) shows the geometry of the EC 5 L

. - ) . . ave been desiring.

array antenna, their collinear arrangement in the axial of coaxial cab eo first obiective in thi is t | It ti ical
with in-phase excitation gives an array performance. As a novel radi- t# r dlrts onjelczlver 'r:ji tlis rr])ap?tr Irsn Ofiiﬁp éé%aD elr nr?1 “ﬁ ng mn?nc? d
ation element shown in Fig. 1(b) with structural simplicity, the ECC ethod to analyze radiation pattern of the element. Lompare

. . . - ) H) other method [1], the method in this paper has more abroad suit-
has potential for easily constructing a large phased array in many fiel Ble ranges for qeometrv of the circular pipe and has also advantages
such as wireless communication and atmosphere observations. HOw- 9 9 ry PP 9

ever, literatures up to now show that available theoretical analysis [ more _smple_and explicit p_rocedure but without loss of accuracy.
e basic idea is that magnetic current from the slot on the outer sur-

face of a coaxial cable shown in Fig. 1(b) is interpreted as an incident
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radiation pattern of the above system by using the uniform physic
theory of diffraction (PTD), and furthermore, to investigate the poss /
bility to reduce radiation sidelobes of the ECCD array by adjusting tt B 5
height of the array over the plate. Finally, based on the above analy
L band lower troposphere radar (LTR), as a practical application to t
ECCD array, is briefly introduced.
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As shown in Fig. 1(b), the magnetic current from the slot on th
outer conductor of a coaxial cable is interpreted as an incident we '6.200 .50 0
on the circular pipe of the ECCD. The magnetic frill generator we 0 (deg)
first introduced to calculate the near as well as the far-zone field from (b)

a coaxial aperture [3]. Applying this mode, the slot is replaced with a
circumferentially directed magnetic current that exits over an annul Beam Pattern (E-plane ¢=0)
aperture with inner radius, which is the radius of the outer conductor 0 D B

50 100

of the feeding coaxial cable, and outer radiysvhich is chosen to be - ay N -
the radius of the metallic circular pipe of the ECCD, as shown in Fig. B -~ N P
Due to very small radius of the coaxial cable, compared to operati J / X N\,
wavelength, the electric field over the annular aperture of the magne / N
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the corresponding equivalent magnetic current deddityfor the mag- i - ' i
netic frill generator used to represent the aperture is equal to i
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The near-field generated by the magnetic frill generator on the surfe -100 -50 . (do ) 50 100
of the metallic circular pipe is found by [3] -
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Fig. 4. Element arrangement of a 22 by 24 planar ECCD array (unit: millimeters).
2 2 2 . e . . . .
+ b KL-FJ' <1_ M)) <—jk— i) e } wherek = w?pue, ;1 is permeabilitys is dielectric constantR is the
R [\ kRo 2R3 Ro distance from any point in the source to the observation point.
1 a2 1p? In order to check the above procedures, we compare the ECCD ele-
+ (— 5 +i—3 ) (3) ment patterns obtained by using the above method and other method,
kI I respectively. Fig. 3 shows a good agreement. To further illustrate the
whereRy, = V22 ¥ a2 influence of the geometry of circular pipe of the ECCD on its radiation

pattern, we also simulate radiation patterns of the ECCD with different
circular radii and lengths. It appear from Fig. 3(a)—(c) that radiation pat-

induced current re-radiates and produces an electrickiéld ), there- tern of an ECCD element is fully identical to that of a half wavelength

fore, the total fieldE" (r) in space is the sum of the incident and théiipole if the radius of its circular pipe is less than 0.025 wavelength
scattered field and its length is equal to 0.5 wavelength.

Let an incident waveE' () impinge on the circular pipe shown in
Fig. 1(b), and induce a linear current density on the surface, the

E'(r)=E'(r)+ E*(r). (4)
If the observation point is moved to the metallic pipe, the total tangen-l. FIELD SCATTERED BY A FINITE METALLIC PLATE MOUNTED
tial electric field vanishes for perfectly conducting surface. BELOW THE ECCD FHASED ARRAY
To obtain current distribution, we introduce a current integration

In this section, a planar 22 by 24 ECCD array is introduced as shown

equa‘tllon 52 v in Fig. 4 where each array is composed of twenty-four rows of ECCD
/ I.(£) K—Q + A:2> G(z, ;’)] dz=—iwsE" (p=b) (5) lineararray, and each row includes 22 basic ECCD radiation elements,
-t 9z each row is further subdivided into two subelements. By controlling
where ‘ _ the phase of the phase shifter, we can steer the beam in the different
G (= ) = 1 /“ e Ik o' (6) direction.
’ 2r J, ATR To reduce low elevation sidelobes, we propose a finite metallic re-

flected plate parallel to and under the array. Due to edge diffraction
Y - ; g ) .
R= [|ap2sin2 (2 ) + (z =22, @) from a f|r_1|te plate, we will see that it is crucial how to select suitable
: array height over the plate.
E' is given by (3). Once the current contribution on the circular pipe l_Jr_1|form PT_D technique is used to investigate the field scattereq by
of the ECCD is known, radiating electronic field can be obtained by finite metallic plate mounted below the ECCD array. The total field

1 , in space can be obtained [4]
E:—j;uA—jwMV(V-A) (8)
o o IRR E =Epro+ (E%TD - EfleF) = Ero+ Efrp (11)
A= 4_// Jo (2", y's 2 7 ds’ 9) _
T Ero =E'+ Ebo (12)

for the far-field . v
Eio :2// (ﬁ’ x H) ds (13)
Ex~—jwA (10) )
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Fig. 5. (a) Effects of height of a 22 by 24 ECCB (= 0.025 A, @ = (Lo1818%0), the very small holes are just for drainage

0.009 XA, length= 0.5 X,) array over a square plate on radiation pattern.

The sidelength of the plate is 18.1828. The height of the array over the plate number of array elements. Therefore, the total current onttheeg-
is 0.25% and 2\, for bottom line and top line, respectively. There is no platgnant can be written as the following:
for middle line. ’

wheres is surface area of a scatterd: is the total radiation field
contributed by every array element, it can be given by using superpo- ) .
sition approach after neglecting mutual coupling among elements due for illuminated parts of the surface  (15)
to the beam directed broadsidEro is physical optics fieldEf
andEg o is diffraction field of uniform geometry optics and uniform
physics optics due to finite edg&¢ 1, is the total diffraction field in wherei; is an unit outer normal vector of théh segment. After
PTD, the general definition and related formula for the above paraighowing the induced current on tith segment, the total PO scattered

tionary phased points along the four edges of the plate are just chosen

N M '
Jpo (i) =2 (ﬁ x H) __Z Y i x V x Ej
Jwp k=1

=0, for shadow parts (16)

as diffraction points for calculating diffraction fields in the two prin- N jnke=ikR
cipal planes, namelf and H. Ej (total) = > Ej (i) = e
As PO field, let the plate to be divided indd segments and the center i=1 )
of theith segment to be located @t;, y:, z;), and then the total field N o o
. : ’ .\ _—jk(z;sin # cos ¢4y, sin 6 sin ¢+ z; cos §
at theith segment can be obtained by > Asidro (i)e™ ! @
=1
. M . M 1 .
= I; Hi(ws yi, 20) = I; <_jwu VX Ek) (14) IV. MODELING RESULTS AND APPLICATION

_ In simulation samples, we adopt a 22 by 24 ECCD array and all
where E}, is the electric field at the center of theéh segment due to element spacing is 0.78, Ao is operating wavelength in free space.
thekth element in the array which is obtained from (9}, is the total Four diffraction points, located at ik and H principal planes, are
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selected for simulating diffraction fields since the geometry of the plate REFERENCES
and the ECCD array is symmetrical. [1] H. Miyashita, H. Ohmine, K. Nishizawa, S. Makino, and S. Urasaki,

We investigate the possibility to reduce sidelobes of the ECCD array ~ “Electromagnetically coupled coaxial dipole array antenn&EE
by mounting a finite reflected plate below the array. It is well known Trans. Antennas Propagatol. 47, no. 11, pp. 1716-1725, Nov. 1999.
that dipoles with infinite ground plane can achieve the maximum gain [2] HI- Miyashita, “Sftu]glf_y on agalytical modgling”cnl;?lngtedn_na arrays foéirg.'
f the height of ipoles over the ground is 0.25 wavelength, Extensive  BSmertaon ofefcent desin procedure PR deseraton, Raclo
calculations in this paper have indicated that a finite reflected plate with  2qggg.
an appropriate size can also achieve the same effects for increasing] L.L. Tsai, “A numerical solution for the near and far fields of an annular
gain and reducing sidelobes as an infinite plate. It has been observed ring gégﬁzg?%EtgeCl:ffleg;JZEEE Trans. Antennas Propagatol. AP-20,
from Fig. 5 that t_he height of 0.25 Wavelen.gths actgally aghleves a[él] Ep Yamashitél,Ar?alysis Methods for Electromagnetic Wave Prob-
greatly reduced sidelobes as well as the maximum gain. This is because” |ems  Norwood, MA: Artech House, 1996, Physical Optics by
the diffraction by finite edges of the plate is quite small, compared to Makoto Ando, ch. 4.
reflection from the surface of plate. The total scattering field over the [5] A. K. BhattacharyyaHigh Frequency Electromagnetic Techniques: Re-
above half-space of a finite plate is almost equal to the sum of two  cent Advances and ApplicatiansNew York: Wiley, 1995.
parts, one is from the direct radiation of antennas and the other from
full reflection due to the ground plate. The above results are just desired
for some radars to increase gain and to block ground clutter signals.

Based on the above simulations, we adopt a 22 by 24 planar ECCD
array to the LTR shown in Fig. 6. The LTR is a 1.36-GHz pulse-mod- ] . ) .
ulated monostatic Doppler radar with an active phased array system,Radar Cross Section of Stacked Circular Microstrip
where the antennas consists of two rectangular arrays, they are perpen-  Patches on Anisotropic and Chiral Substrates
dicularly superimposed corresponding to two linear polarization. The
configuration of each array is the same as that mentioned in Section Ill.
The nominal peak power is 2 kW (the maximum average power is 400
W), which is produced by 24 solid state power amplifiers (transmitter ppstract—Galerkin's method in the Hankel transform domain (HTD) is
modules). The LTR has been successfully operated at the Shigaraki bplied to the determination of the radar cross section (RCS) of stacked cir-

radar observatory of Kyoto University for the lower atmosphere obseular microstrip patches fabricated on a two-layered substrate which may
vation. be made of a uniaxial anisotropic dielectric, a magnetized ferrite or a chiral

material. Concerning the case of stacked patches printed on magnetized
ferrites, the results show that substantial RCS reduction can be achieved
V. CONCLUSION inside the tunable frequency band where magnetostatic mode propagation
is allowed. It is also shown that both the frequency and the level of the RCS
An efficient analysis procedure is presented for exactly modeling tpeaks obtained for circular patches fabricated on anisotropic dielectrics or

far field of ECCD element. One of its advantages is that one need §6iral materials may be substantially different from those obtained when
handle infinite integrals raised [1] for the process is based on PodkPstrate anisotropy or substrate chirality are ignored.
lington type of formulation that only involves closed form of Green’s Index Terms—Anisotropic media, chiral media, ferrites, microstrip an-
functions in free space. This allows the proposed analysis procesd€fi1as. scattering.
this paper to be easily applied to various ECCD elements with different
lengths and radii of circular pipe. Owing to its advantages of simply
constructed and clear physical meanings, the procedure in this paper,
compared to available methods from other literatures, can also be morélthough the standard configuration for a microstrip antenna in-
easily applied in engineering. volves one single conductor patch, two stacked conductor patches are
The equivalent model derived from the analysis for the ECCD eléometimes employed for obtaining either dual-frequency operation [1]
ment can result in the simplification for the computation of the radiatid?f increased bandwidth operation [1], [2]. Concerning the topic of scat-
pattern of the ECCD under some special conditions, and therefore &é&fing from microstrip antennas, we should say that as the radar cross
increase computation efficiency. section (RCS) of military platforms is reduced by geometrical shaping
It is fully novel configuration in the ECCD application to mount a8nd the use of composite radar absorbing materials, the scattering from
large ECCD planar array over a finite metallic reflected plate with @€ antennas mounted on such structures may give the most impor-
suitable height so as to achieve reduced radiation sidelobes of af@jt contribution to the overall RCS. Bearing in mind that microstrip
antenna. The uniform physical theory of diffraction, being hybrid witRntennas are very suitable for use on aircraft vehicles owing to their
the proposed method for the ECCD element, has handled successfiijt weight and conformability, different results were published in the
the scattered far field of this system, the proposed height for ECSt for the RCS of single microstrip antennas both on conventional
array antenna over the plate is practical useful. isotropic dielectric substrates [3] and nonconventional substrates with
The proposed ECCD array configuration in the LTR is only a start féliélectric and magnetic anisotropy [4], [5]. The feeding and radiation
ECCD array application. Authors believe that the related configuration
can also be expected to application in other fields, such as based statiqfanuscript received September 28, 2001; revised January 28, 2002. This
antennas for wireless communications. work was supported by the El Centro de Investigacion Cientifica y Tecnolégica
(CICYT), Spain under Grant TIC98-0630.
V. Losada is with the Microwaves Group, Department of Applied Physics,

ACKNOWLEDGMENT E.U.LT.A., University of Seville, 41013, Sevilla, Spain.

. ) . . o . R. R. Boix and F. Medina are with the Microwaves Group, Department of
This work has benefited from the input of Mitsubishi Electric CorpoI'Electronics and Electromagnetism, College of Physics, University of Seville,

ration (MELCO), Kanagawa, Japan. The authors are grateful for usefdb12 sevilla, Spain (e-mails: boix@us.es; medina@us.es).
discussions with Dr. Miyashita of MELCO. Digital Object Identifier 10.1109/TAP.2003.811528

V. Losada, R. R. Boix, and F. Medina

|. INTRODUCTION

0018-926X/03$17.00 © 2003 IEEE



	Index: 
	CCC: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	ccc: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	cce: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	index: 
	INDEX: 
	ind: 


